The paper deals with the chemical and biological properties of substances related to stilboestrol and hexoestrol. The most active substance found is 4 :4'-dihydroxy-y: 5-diphenyl hexane. I t has been shown to be the meso or internally compensated form. Next in activity is stilboestrol-4 :4'-dihydroxy-a: /?-diethylstilbene. The activity of other compounds with varying alkyl constituents on the a/? carbon atoms is lower than the activity of the above compounds. Any alteration of the position of the phenolic hydroxyl groups from the 4:4'-position is attended by a marked reduction in activity.
In previous publications (Dodds & Lawson 1938; Dodds, Golberg, Lawson & Robinson 1939; Campbell, Dodds & Lawson 1940) are described experiments designed to show the relationship between chemical structure and oestrogenic activity. In the last papers referred to, the high activity of 4 : 4'-dihydroxy-a: /?-diethylstilbene (stilboestrol) was described together w ith the slightly greater activity of 4 :4 '-dihydroxy-y: ^-diphenyl hexane (hexoestrol) derived by hydrogenation of stilb oestrol. In these papers are also described the lesser activity of various other substances closely related to stilboestrol and hexoestrol.
The general outcome of the earlier work was th a t high oestrogenic activity may be associated w ith substances conforming to the scheme: ■OfflO"
The optimum structure of the aliphatic connecting group is one objective for investigation.
The structure of hexoestrol has been compared w ith th a t of oestradiol, and the fact th a t the active substance is in the meso-form indicates th a t the shape of the molecule and the disposition of the polar groups have an im portant influence on the biological properties.
I t m ust be noted, however, th a t the opening up of rings in oestradiol suggests other systems as shown below in three examples (page 84).
From the practical point of view it appeared th a t the three substances already available, namely stilboestrol, hexoestrol and hexadiene-estrol ( 4 :4'-dihydroxyy#-diphenyl-/?#-hexadiene), would fulfil all requirements, b u t the above and other types are of theoretical interest. We suspect th a t the phenolic nuclei should be p-substituted and th a t the disposition of the hydroxyl groups in a molecule of suitable shape m ay be of greater importance th an a close relation to the formula bf oestradiol as w ritten in one plane. We are engaged in the preparation of a series of related compounds in which the formal analogy to oestradiol has been abandoned and in which the jo-hydroxyphenyl nuclei are separated by three, four and five carbon atoms. The investigation will, it is hoped, be extended to include hetero chains.*
The present communication includes a description of a further series of com pounds of the stilboestrol and hexoestrol classes under the following headings: The m ethod of investigating activity is th a t described in the previous publica tions, namely, the adm inistration of the substances dissolved in sesame oil in six equal injections-morning and evening-for the first three days, into a t least five ovariectomized rats. The dose quoted is one capable of giving full oestrous response in all five animals. This is defined in an arbitrary manner as a ra t unit, and in the tables will be found the approxim ate number of ra t units per gram.
I t is fully realized th a t this method yields only relative results, bu t for the purpose of this investigation it was deemed sufficiently accurate in th a t it enabled the com pounds to be placed in their order of activity. These results are open to the criticism of any technique which does not employ a standard. Since, however, only relative degrees of activity of the compounds are required and in view of the large number of compounds to be tested it was considered th a t this technique could be justifiably employed in this instance.
R esults
In the first section the results will be found in table 1. I t can be seen th a t the tfrems-diethy 1 compound is a t least three times more active th an the next most active members of the series. The activity is approached by the m ethyl w-propyl and by the m ethyl ethyl compounds. The activity of the other compounds is so much lower th a t it becomes obvious th a t any departure from the diethyl substituent is attended w ith great loss in potency.
Under the second classification the activity of the mono-alkyl stilboestrols will be found in table 2. Here again it can be seen th a t the activities are in no way com parable to th a t of the most active of the di-substituted compounds. In fact the greatest activity, namely, th a t of the phenyl stilboestrol, only amounts to l/300th of the activity of diethylstilboestrol.
I t is interesting to note the low activity of the mono-cetyl derivative, namely, some 10 units per gram, and to compare it w ith the di-substituted compound ethylcetylstilboestrol w ith activity 500 units per gram. Here again the importance of the ethyl group is stressed, because the amyl cetyl compound proved inactive in doses five times as large.
In the third section, in the substituted dihydrostilboestrols, the diethyl sub stituent (m.p. 185°) has by far the highest activity. The lower melting isomer (128°) has only l/500th of the activity of the high m.p. compound. I t has been shown by Carlisle & Crowfoot (1941) th a t the highly active, higher melting substance is the meso or internally compensated compound, whereas the low melting substance is the dl-or racemic variety. Again, the greatest activity rests in the diethyl compound.
Under the fourth heading, alteration of the position of the hydroxyl groups produces an immediate falling off of activity and a study of table 4 indicates th a t the 4: 4'-position is the optimum for the greatest activity. This also applies not only to the stilboestrols but also to the y : £-diphenyl-/?<Miexadiene series.
Under the final and fifth heading will be found attem pts to produce more active compounds by replacing the hydroxyl groups in the 4: 4'-position by amino groups, the introduction of halogens into the molecule and various other experiments. In each case, any departure from the stilboestrol molecule was attended by very great loss of potency.
General conclusions
(1) The most active synthetic oestrogen so far described is 4 :4 '-dihydroxyy : ^-diphenyl hexane-m.p. 185°. This is known to be the meso or internally com pensated compound.
(2) The second most active compound has an activity of about three-fifths of the former (4 :4 '-dihydroxy-a: /?-diethylstilbene).
(3) Any variation in the alkyl substituents on the carbon atoms or in the position of the hydroxyl groups, or by the substitution of the alkyl or hydroxyl groups by amino groups, halogens, etc., is attended w ith an immediate drop in potency. I t m ust therefore be concluded th a t hexoestrol and stilboestrol represent the maximum obtainable potency in the afi-diphenylethane series.
Tables 1-4 combine the available data respecting the oestrogenic potency of stilbene and diphenylethane derivatives. 1: 2-Dianisylpropan-2-ol. Deoxyanisoin (10 g.) was added to a solution of mag nesium (2*8 g.) and m ethyl iodide (16*9 g.) in ether. A fter boiling for 1 | hr. the product was isolated in the usual m anner and crystallized from light petroleum in small prisms, m.p. 62-63° (Found: C, 74-7; H, 7-4. C17H 20O3 requires C, 75*0; H, 7-4%).
4 : 4' -Dimethoxy-a-methylstilbene. The carbinol was dehydrated by heating with potassium bisulphate to 190° during 30 min. The product crystallized from alcohol in th in notched plates, m.p. 123-124° (Found: C, 80*0; H, 7*1. C17H 180 2 requires C, 80-3; H, 7-1%).
4 : 4' -Dihydroxy-oc-methylstilbene. The above dimethyl ether was dem ethylated by heating to 190° during 12 hr. w ith potassium hydroxide (2 parts) and alcohol (4 parts). The product was crystallized first from dilute alcohol and finally from was added gradually to the Grignard reagent from magnesium (6 g.) and w-butyl chloride (25 g.) in anhy drous ether (250 c.c.) and the m ixture was stirred and refluxed for 3 hr. The oily product was isolated in the known manner and mixed w ith an equal volume of benzene. On keeping a t 0° for 24 hr., 4 : 4'-dimethoxystilbene (3 g.), shiny white plates, m.p. 214°, separated. This was collected and the benzene removed from the filtrate. : 4'-Dihydroxy-j3-\&obutylstilbene. The dimethoxyisobutylstilbene (7 g.) was dem ethylated with potassium hydroxide and alcohol as described above. The product crystallized from benzene-light petroleum, in the form of small, white plates, m.p. 128° (Found: C, 804; H, 7*5. C18H 20O2 requires C, 80*6; H, 7*5 %) (yield, 3g.).
4:
4'-Dimethoxy-<x,-n-propylstilbene. Deoxyanisoin (28 g.) was added to the Grignard solution from magnesium (6 g.) and w-propyl bromide (30 g.). The product, isolated in the usual manner, was a clear, colourless oil, b.p. 183-185°/0-07 mm.; nf>\ 1-5954 (Found: C, 80-9; H, 7-8. C19H 220 2 requires C, 80*9; H, 7*8 %) (yield, 22 g.).
4'-Dihydroxy-oc-n-propylstilbene. Demethylation of the above dimethyl ether (20 g.) was accomplished by means of potassium hydroxide (50 g.) and alcohol (200 c.c.) in the rotating autoclave a t 190-210° during 24 hr. The resulting oil crystallized from cold benzene and after several recrystallizations from benzenelight petroleum had m.p. 91° (Found: C, 80-5; H, 7-3. C17H 180 2 requires C, 80*3; H, 7-1 %) (yield, 7 g.).
4: 4'-Dimethoxy-cc-impropylstilbene. Deoxyanisoin (30 g.) was added to the Grignard solution from magnesium (6 g.) and isopropyl bromide (30 g.). Distillation of the isolated product gave a pale yellow oil, b.p. 172-176°/0-4 mm.
1-5820 (Found: C, 80-5; H, 7-8. C19H 220 2 requires C, 80-9; H, 7-8 %) (yield, 14 g.). An unusually large am ount of 4 : 4'-dimethoxystilbene was formed in this reaction.
4: 4'-Dihydroxy-oc-isopropylstilbene. Demethylation of the above dim ethyl ether (12 g.) by means of alcoholic potash was carried out in the usual m anner a t 180-200° for 24 hr. The substance crystallized from benzene-light petroleum as white prismatic needles, m.p. 166° (Found: C, 80-2; H, 7-1. C17H 180 2 requires C, 80-3; H, 7-1%) (yield, 6 g.).
4: 4'-Dimethoxy-oc-n-amylstilbene.Deoxyanisoin (30 g.) was added to the Grignard reagent from magnesium (6 g.) and w-amyl chloride. On treatm ent of the reaction m ixture in the usual way a pale yellow oil, b.p. 195-198°/0-l mm. was obtained; n2 £°, 1-5520 (Found: C, 81-2; H, 8-5. C21H 260 2 requires C, 81-3; H, 8-4%) (yield, 26 g.).
4: 4' -Dihydroxy-ot-n-amylstilbene.Dem ethylation of the dimethoxyamylstilbene (20 g.) was carried out in the usual m anner a t 190-210°. The phenolic product crystallized from benzene-light petroleum as white crystals, m.p. 96° (Found: C, 81-0; H, 7-7. C19H 220 2 requires C, 80-8; H, 7-8 %) (yield, 7 g.).
4: 4'-Dimethoxy-<x-cyc\ohexylstilbene. Deoxyanisoin (30g.) was added slowly to the Grignard reagent from magnesium (6 g.) and cyclohexyl bromide (50 g.). The m ixture was refluxed for 2 hr., the ether then replaced by dry benzene and the refluxing continued for 8 hr. The excess Grignard reagent was then decomposed with ice and dilute hydrochloric acid and the benzene layer separated. The w ater layer was ether extracted and the ether extracts added to the benzene solution. On standing in the cold large amounts of deoxyanisoin and 4 : 4'-dimethoxystilbene separated from the solution. After filtration, the solvents were removed and the product distilled as a pale yellow oil, b.p. 190°/0-05 mm.; n g , 1-5860 (F requires C, 82-0; H, 8-1 %) (yield, 7 g.).
4: 4t'-Dihydroxy-a.-cjclohexylstilbene. Demethylation of the above dimethyl ether (5 g.) in the usual manner a t 180-200° w ith potassium hydroxide and alcohol in the autoclave gave an oil which crystallized from benzene-light petroleum m ixture and after recrystallization had a m.p. 136° (Found: C, 81-7; H, 7-6. C20H 22O2 requires C, 81-6; H, 7-5 %) (yield, 3 g.).
4: 4:'-Dimethoxy-cx-methyl-fi-attylstilbene.Allyl bromide (30 g.) was added slowly to methyldeoxyanisoin (27 g.) and magnesium (8 g.) in anhydrous ether. The reaction m ixture was refluxed for 2 hr. and treated in the usual manner. The product was isolated as a pale yellow oil, b.p. 188-192°/0-25 mm., and crystallized readily from alcohol in the form of fine white needles, m.p. 103° (Found: C, 81-8; H, 7-6. C20H 22O2 requires C, 81-6; H, 7-5 %) (yield, 20 g.).
4: 4'-Dihydroxy-oc-methyl-fi-allylstilbene. Demethylation of the above stilbene (18 g.) in the usual manner a t 180-200° for 24 hr. yielded an oil which crystallized from benzene-petroleum ether; recrystallized from benzene, m.p. 162° (Found: C, 81-5; H, 6-8. C18H 180 2 requires C, 81-2; H, 6-7 %) (yield, 9g.). This sub stance may be dihydroxymethylpropenylstilbene produced by migration of a double bond.
3 : 4^-Dianisyl-n-hexane-a and -b. A catalyst was prepared by shaking a suspension of norite (1 g.) in alcohol (10 c.c.) w ith palladium chloride (0-2 g.) under hydrogen for 10 min.
(a) A solution of the solid trans-4: 4'-dim ethoxy-a: /?-diethylstilbene (2-5 g.) in acetone (75 c.c.) was introduced and the m ixture shaken w ith hydrogen a t room tem perature and atmospheric pressure. After 12 hr., 215 c.c. of hydrogen had been adsorbed (theor. 200 c.c.) and a crystalline solid had separated. This and the residue obtained on evaporation of the solution crystallized from alcohol in colourless prisms, m.p. 145-146° (2-2 g.) (Found: C, H, H , .
(b) A solution of the liquid (cis-) dimethoxydiethylstilbene (4 g.) in pure acetone (50 c.c.) was shaken w ith hydrogen a t room tem perature in the presence of a palla dium charcoal catalyst prepared from 0-2 g. palladous chloride. Absorption of hydrogen was slow bu t after 16 hr. 320 c.c. had been taken up (theor. 320).
The product crystallized from alcohol as long flat prisms (3-5 g.), m.p. 146°, alone or mixed with the specimen obtained as above. The m other liquors on concentration afforded an oil, b.p. 165-166°/0-2 mm. (0-3 g.). This was unsaturated and proved to be unchanged m aterial.
(c) Although both cis-and trans-forms give the same dihydr hydrogenation a t 45° of the m ixture of cis-and -forms (108-5 g.) obtained by the ordinary synthetic method resulted in the formation, in addition to the normal product, m.p. 145-146°, of a small am ount (28 g.) of another dihydro-derivative (isomeride-6) of b.p. 161-163°/0*09 mm. and m.p. 56-57° (see below). This result is perhaps due to the slightly higher tem perature employed.
Reduction of ifj-diethylstilboestrol.
A solution of (/(-diethylstilboestrol (2 g. 140-142°, in acetone (25 c.c.), was reduced in the presence of a palladium-charcoal catalyst. After 12 hr., 160 c.c. of hydrogen had been absorbed (theor. 178 c.c.). On working up as before, a solid was obtained which crystallized from benzene and had m.p. 184-185° (1-5 g.). The m.p. was undepressed on adm ixture with an authentic specimen of raeso-4: 4'-dihydroxy-a/?-diethyldiphenylethane (hexoestrol).
From the m other liquors of the first crystallization, an unsaturated compound was obtained,, which after crystallization from benzene, had m.p. 168-169° and was identified as diethylstilboestrol. This result might have been due to isomerization of j/f-dimethylstilboestrol, but it also seemed possible th a t diethylstilboestrol was present from the beginning as an im purity. After adsorption on alumina and re covery the m.p. of the substance, crystallized from benzene, was raised to 148° and this specimen was reduced almost quantitatively to hexoestrol, m.p. 186°. W alton & Brownlee (1943) have recently shown th a t pure (/(-diethylstilboestrol has m.p. 151° and possesses about one-fourteenth the oestrogenic potency of diethylstilboestrol.
Reduction of diethylstilboestrol. Diethylstilboestrol (3 g.) in acetone (60 c.c.) adsorbed 260 c.c. hydrogen (theor. 266 c.c.) under conditions similar to those described above. On evaporation a sticky residue resulted which solidified on tritu ratio n with light petroleum. I t crystallized from ethylene dichloride-light petroleum in prisms, m.p. 128°, undepressed by adm ixture w ith an authentic analysed specimen of m c.-4:4 '-dihydroxy-a/?-diethyldiphenylethane. Concentra tion of the m other liquors and addition of light petroleum yielded a further crop of crystals, the total yield being 2*6 g. of pure material. No trace of the isomeride, m.p. 185-186° could be isolated.
Demethylation of 3 :4 -d i a n i s y l h e x a n e( m.p. 145-146°). A m ixture of the dimethyl ether (0-8 g.), glacial acetic (5 c.c.) and hydriodic acid (20 c.c., d. 1*7) was heated together a t 150° for 30 min. On cooling, diluting, and decolorizing with sulphur dioxide, a colourless solid remained in suspension. I t crystallized from benzene in small, elongated prisms, m.p. 185-186° (0*7 g.), not depressed on adm ixture w ith a specimen prepared by the reduction of (/(-diethylstilboestrol.
Methylation of 3 : 4^-di-(-$-hydroxyphenyl)-n-hexane (m.p. 128°). -Methyl sulphate (1 • 7 g .) was added slowly to an agitated solution of the phenol (2. g) in aqueous sodium hydroxide (30 c.c. of 20 %). The white solid th a t separated was crystallized from light petroleum, and again from aqueous alcohol. I t formed shining plates, m.p. 56-57° (1-3 g.) (Found: C, 80-4; H, 8-6. C20H 26O2 requires C, 80-5; H, 8-7 %). The substance was identified with the by-product of the reduction of mixed cis-and trans-4 : 4'-dimethoxy-a/?-diethylstilbenes (above).
2 : 3-Dianisyl-n-butane.4 : 4'-D im ethoxy-a: /?-dimethylstilbene (5 g.) was dis solved in pure acetone (75 c.c.) and hydrogenated in the presence of a catalyst pre pared by shaking charcoal (1 g.) with palladous chloride (0-25 g.) in alcohol (10 c.c.). The product, isolated in the usual way, crystallized from alcohol and benzene-light petroleum in stout prisms, m.p. 87-88° (4-6 g.) (Found: C, 80-0; H, 8*2. C18H 220 2 requires C, 80*0; H, 8-1 %).
:
3-Di-(p-hydroxyphenyl)-n-butane. Dianisylbutane (2 g.) was dem ethylated by heating a t 160-170° for 20 min. with glacial acetic acid (5 c.c.) and hydriodic acid (25 c.c., d. 1*7). On working up the product, a colourless oil resulted. I t solidified on keeping overnight and was collected and crystallized from benzene, being obtained as rosettes of needles. These were found to contain benzene of crystallization and on drying disintegrated to a powder. On recrystallization from ethylene dichloridelight petroleum, small colourless prisms were obtained, m.p. 138-139° (1-6 g.) (Found: C, 79-2; H, 7-4. C16H 180 2 requires C, 79-3; H, 7-4 %).
4 : 4:'-Dimeihoxy-CL-methyl-ft-n-propylstilbene. A solution of methyldeoxyanisoin (27 g.) in ether (75 c.c.) was added slowly to the Grignard reagent prepared from n-propyl bromide (37 g.) and magnesium (7*3 g.) in ether (150 c.c.). After warming on the steam -bath for 2 hr., the m ixture was decomposed w ith ice and dilute sulphuric acid and worked up in the usual way.
The product was dehydrated directly by heating a t 180-190° for 10 min. w ith potassium hydrogen sulphate (10 g.). The w ater evolved was removed and the product distilled as a pale yellow oil, b.p. The dibenzoates of this m ixture of cis-and £ra?is-phenols were prepared by benzoylating the m ixture (8 g.) and crystallizing the product from ethyl acetate. After eight crystallizations colourless elongated prisms of m.p. 202-204° resulted (2*2 g.) (Found: C, 80-5; H, 5*9. C32H 280 4 requires C, 80*7; H, 5*9 %).
The m other liquors from the purification of the above dibenzoate were evaporated and the residue crystallized five times from alcohol, the less soluble m aterial being removed. The more soluble product formed long, flat parallelograms, m.p. 140-141° (2-7 g.).
trtins-MethylpropyIstilboestrol. A solution of the higher-melting dibenzoate (2-2 g.) in m ethyl alcohol (10 c.c.) and aqueous potassium hydroxide (5 g. in 5 c.c. water) was boiled for 2 hr. After dilution and heating to remove methanol, carbon dioxide was passed through the solution, a colourless solid separating. This was collected, washed, and crystallized from aqueous alcohol. I t proved to be the monosodium salt of the required diphenolic compound.
The salt was dissolved in aqueous sodium hydroxide and the solution poured into concentrated hydrochloric acid, when a colourless solid separated. This was collected, dried and crystallized three times from benzene. I t formed shining needles which on drying lost benzene of crystallization and formed elongated prisms, m.p. 158° (0*9 g.), of the £nms-methylpropylstilboestrol. I t crystallized from dilute alcohol, forming rosettes of needles (Found: C, 805; H, 7-5. C18H 20O2 requires C, 80-6; H, 7-5 %).
5-Dianisyloctanes-aand -b. Di-w-propylstilboestrol dimet acetone (100 c.c.) was reduced catalytically in the usual manner. On working up there resulted a mixture of a solid and a liquid.
-a. The solid was separated and crystallized twice from alcohol, forming shining colourless plates, m.p. 121-122° (11-5 g.) (Found: C, 81*05; H, 9*1. C22H30O2 requires C, 81*0; H, 9*2%).
-6. The liquid was distilled, affording a colourless oil, b.p. 175-177°/0*06 mm. (12 g.) (Found: C, 81*0; H, 9*0. C22H 30O2 requires C, 81*0; H, 9*2 %).
4 :
5-Di-(p-hydroxyphenyl)-octane-a.
Demethylation of the solid dimethyl ether (m.p. 121-122°) proved extremely difficult. Treatm ent with hydriodic and acetic acids afforded chiefly an oil, insoluble in alkali. A small quantity of an alkali-soluble substance was isolated and crystallized from benzene, being obtained as colourless prisms, m.p. 165° (Found: C, 80*8; H, 8*5. C20H 26O2 requires C, 80*5; H, 8*7 %).
An attem pt to bring about dem ethylation by means of aluminium chloride failed, a red oil being formed.
5-Di-{p-hydroxyphenyl)-octane-b.
A m ixture of the oily dimethyl ether (-6, 5 g.), acetic acid (10 c.c.) and hydriodic acid (50 c.c., d. 1*7) was heated for \ hr. a t 160-165°. After dilution and treatm ent w ith sulphur dioxide, the product was taken up in ether and the ethereal solution shaken with aqueous sodium carbonate. The alkaline solution was acidified and extracted with ether.
The viscous oil which was obtained on evaporation of the ethereal solution was distilled twice, yielding a pale yellow oil, b.p. 185-187°/0*1 mm. (4*1 g.) (Found: C, 80*4; H, 8*6. C20H 26O2 requires C, 80*5; H, 8*7 %).
a-Cetyldeoxyanisoin. Deoxyanisoin (22*3 g.) followed by cetyl bromide (27 g.) were added to a hot solution of sodium (2g.) in alcohol (50c.c.). The m ixture was boiled for 1 hr. and further quantities of sodium (2 g.) in alcohol (50 c.c.) and cetyl bromide (27 g.) were added and the whole heated on the steam -bath for 6 hr. The solution was diluted with w ater and alcohol removed under diminished pressure. I t was then extracted with ether (during which process 7 g. of unchanged deoxyanisoin separated), the ether extract dried and evaporated and the residue distilled.
Cetyldeoxyanisoin was obtained as a pale yellow oil, b.p. 262-265°/0*l mm. which solidified to a waxy solid, m.p. 46-48° (16 g.) (Found: C, 80*2; H, 10*1. C32H 480 3 requires C, 80*0; H, 10*1 %).
4 : 4t-Dimethoxy-afi-diphenyloctadecane. Cetyldeoxyanisoin (6 g.) was reduced by boiling for 18 hr. with amalgamated zinc wool (20 g.) in concentrated hydrochloric acid (80 c.c.). The product was collected by means of ether and after removal of the solvent distilled as a pale yellow oil, b.p. 245-248°/0*l mm., which did not solidify a t 0° (Found: C, 82*5; H, 10*7. C32H 50O2 requires C, 82*3; H, 10*8 %).
4: 4 '-Dihydroxy-afi-diphenyloctadeeane.The above dimethyl ether was demethylated by heating under pressure with potassium hydroxide and alcohol under the usual conditions. The product crystallized from light petroleum in microscopic needles, m.p. 86-87° (Found: C, 82*5; H, 10*6. C30H 46O2 requires C, 82*1; H, 10*6 %).
I t forms a di-fi-naphthoate, plates from alcohol, m.p. 135-136°.
4:
4' -Dimethoxy-cc-cetylstilbene. Sodium (10 g.) was added to a boiling solution of cetyldeoxyanisoin (10 g.) in alcohol (100 c.c.) and heating continued until the m etal disappeared. After dilution w ith w ater and removal of alcohol, the cooled solution was extracted w ith ether. The residue obtained by evaporation of the ether solution was heated to 200° for 15 min. w ith its own weight of potassium bisulphate and the product distilled as ail almost colourless oil, b.p. 244-246°/0*l mm. (6-0 g.) (Found: C, 82*7; H, 10*0. C32H 4802 requires C, 82*7; H, 10*4 %).
4 : 4' -Dihydroxy-a-cetylstilbene. Demethylation of the above dim ethyl ether with alcoholic potassium hydroxide a t 200° for 18 hr. yielded an oil, b.p. 268-275°/ 0*15 mm. which solidified to a wax-like mass (Found: C, 83*0; H, 10*2. C30H 44O2 requires C, 82*5; H, 10*15 %).
The di-fi-naphthoate, prepared in pyridine solution by reaction w ith /?-naphtho chloride crystallized from alcohol in needles, m.p. 95-96° (Found: C, 84*1; H, 7*5. C52H 560 4 requires C, 83*8; H, 7*6 %). The di-benzoate, needles from alcohol, has m.p. 62-63°.
4 : 4' -Dimethoxy-ct-ethyl-fi-cetylstilbene. Cetyldeoxyanisoin (8*0 g.) in ether was added to a Grignard solution from ethyl bromide (5*5 g.), magnesium (1*2 g.) in dry ether (30 c.c.). After heating for 1£ hr. on the steam -bath, the m ixture was decom posed w ith ice and ammonium chloride and the residue on evaporation of the ether extract was dehydrated by heating to 200° w ith potassium bisulphate. The product was a mobile oil boiling a t 260-264°/0*15 mm. (5*3 g.) (Found: C, 82*8; H, 10*5. C34H 520 2 requires C, 82*9; H, 10*6 %).
4 : 4'-Dihydroxy-OL-ethyl-fi-cetylstilbene was prepared by dem ethylation of the above ether w ith alcoholic potassium hydroxide under pressure. I t crystallized from light petroleum in needles, m.p. 90-91° (Found: C, 82*4; H , 10*25. C 32H 480 2 requires C, 82*7; H, 10*4%).
4 : 4'-Dimethoxy-a-jL-amyl-j8-cetylstilbene. Cetyldeoxyanisoin in ether was added to a solution of w-amyl magnesium bromide. The product was dehydrated by heating w ith potassium bisulphate giving a mobile oil, b.p. 238-242°/0*l mm. (Found: C, 82*8; H, 10*2. C37H 580 2 requires C, 83*1; H, 10*9 %).
4 : 4' -Dihydroxy-a-n-amyl-ft-cetylstilbene. The dim ethyl ether was dem ethylated by heating to 150° w ith potassium hydroxide and alcohol in the usual manner. The product crystallized from light petroleum in needles, m.p. 98° (Found: C, 82*8; H, 10*3. C35H 540 2 requires C, 82*9; H, 10*7 %). The 3 : c r y s t a l lized from ethyl acetate-alcohol injprisms, m.p. 140-141°.
Benzyldeoxyanisoin. Deoxyanisoin (7 g.) was added to a solution of sodium (1*26 g.) in alcohol (25 c.c.) . To this boiling m ixture benzyl chloride (7 g.) was added. Reaction was vigorous and after boiling for 3 hr. the m ixture was poured into water. The product crystallized from alcohol in flat needles, m.p. 122° (Found: C, 79*7; H, 6*5. C23H 220 3 requires C, 79*7; H , 6*4 %).
2: 3-Dianisyl-l: 4-diphenylbutan-2-ol. Benzyldeoxyanisoin (7 g.) w solution of benzyl magnesium chloride (2 mol.) and boiled for 1 hr. After treatm ent w ith ice and ammonium chloride the product crystallized from alcohol in micro scopic prisms, m.p. 113-114° (Found: C, 81-7; H, 7*1. C30H 30O3 requires C, 82*2; H, 6-9%).
Dibenzylstilboestrol. The above carbinol, on dehydration by heating w ith potas sium bisulphate or boiling w ith acetyl chloride and acetic anhydride, gave a glassy product, b.p. 215°/1 mm. which did not crystallize. D em ethylation of this m aterial by heating w ith alcoholic potassium hydroxide gave two dibenzylstilboestrols, separated by fractional crystallization from chloroform. The less soluble compound finally gave needles from chloroform, m.p. 181-182° not raised by recrystallization from benzene (Found: C, 85-8; H, 6-1. C28H 240 2 requires C, 85*7; H , 6*2 %).
The compound more soluble in chloroform was finally crystallized from benzene in needles, m.p. 160-161° (Found: C, 85*4; H, 6*5 %).
1 : 1 : 2-Triphenylbutanol. Ethyldeoxybenzoin (16 g.) was added to a Grignard solution from bromobenzene (21 g.) and magnesium (3-2 g.). After heating on the steam-bath for 2 hr. the product was isolated in the usual manner. I t crystallized from light petroleum in needles, m.p. 93-94° (Found: C, 87*2; H , 7*6. C22H 220 requires C, 87*4; H, 7*3 %).
Ethylphenylstilbene. This substance was obtained by dehydration of triphenylbutanol by heating w ith potassium bisulphate to 190° during 15 min. I t crystallized from alcohol in small prisms, m.p. 80-81° (Found: C, 92*9; H, 7*1. C22H 20 requires C, 92-9; H, 7-1 %). Reduction of this hydrocarbon w ith sodium in boiling alcohol produced 1 : 1 : 2-triphenylbutane which crystallized from alcohol in prisms, m.p. 77-78° (Found: C, 92*4; H, 7*6. C22H22 requires C, 92*3; H, 7*7 %).
1 -(p-ilfethoxyphenyl)-1 :2-diphenyl ethanol. p-Methoxyphenyl benzyl ketone was added to a Grignard solution from bromobenzene (2 mol.) and magnesium. After heating for 2 hr. on the steam-bath the mixture was treated with ice-cold am monium chloride solution. The product was almost insoluble in ether and after crystallization from alcohol had m.p. 112-113° (Found: C, 82*7; H , 6*6. C21H 20O2 requires C, 82*9; H , 6*6 %).
p-M ethoxyphenylstilbene. The above carbinol was dehydrated by heating with potassium bisulphate. The product, b.p. 175-178°/0*2 mm., was a colourless, very viscous oil which did not crystallize (Found: C, 88*0; H , 6-2. C21H 180 requires C, 88*1; H, 6-3%).
p -Hydroxyphenylstilbene. Dem ethylation of the m ethoxy compound was effected by heating w ith alcoholic potassium hydroxide. The product formed small prisms, m.p. 117-118°, from benzene-light petroleum (Found: C, 88*3; H, 5*8. C20H 16O requires C, 88-2; H, 5'9 %). a -Ethyl -/?-(p -methoxyphenyl )stilbene. A solution of 4-methoxy-a-ethyldeoxybenzoin (Ney 1888) was added to a Grignard solution prepared from bromobenzene and magnesium (2 mol.). After heating on a steam -bath for 2 hr., the m ixture was treated with ice and ammonium chloride. The product partly decomposed w ith formation of w ater during an attem pted distillation. I t was, therefore, completely dehydrated by treating w ith potassium bisulphate. Two products were isolated by fractional crystallization from alcohol. The less soluble substance had m.p. 117-118°S ynthetic oestrogenic compounds (Found: C, H, (6) (7) (8) H, . The more soluble modification had m.p. 88-89° (Found: C, 87*2; H, 6*9 %).
a -E th yl--h y d ro x y p h en y l)stilb e n e .
On demethylation by heating to 190° with potassium hydroxide and alcohol both the above methyl ethers gave the same substance. This formed colourless needles, m.p. 104-105°, after crystallization from benzene-light petroleum (Found: C, 87-2; H, 6*7. C22H 20O requires C, 88-0; H, 6*7 %).
\-Phenyl-\:2-di-anisyl. butan-l-ol.Ethyldeoxyanisoin (20 g.) was added to a Grignard solution prepared from bromobenzene (34 g.) magnesium (5 g.) and ether (130 c.c.). A fter heating for 2 hr. the product was obtained by the usual procedure and crystallized from alcohol in small prisms, m.p. 107-108° (Found: C, 79*6; H, 7-4. C24H 260 3 requires C, 79*5; H , 7*2 %).
. 4 :4 '-Dimethoxy-<x-ethyl-fi-phenylstilbene.The carbinol was dehydrated by heating to 200° with potassium bisulphate. The product crystallized.from alcohol in needles, m.p. 80-81° (Found: C, 83*6; H, 6*8. C24H 240 2 requires C, 83*7; H , 7-0 %).
Ethylphenylstilboestrol. Demethylation of the above compound was effected by heating in a sealed tube with alcoholic potassium hydroxide to 200°. The product crystallized from benzene in small prisms, m.p. 177-178° (Found: C, 83*3; H, 6*3. C22H 20O2 requires C, 83*5; H , 6*4 %).
2 : 2'-Dimethoxy-<x-ethyldeoxybenzoin. 2: 2'-Dimethoxydeoxybenzoin (25 g.) and ethyl iodide (15*2 g.) were added to a hot solution of sodium (2*2 g.) in alcohol (50 c.c.). After boiling for 30 min. a solution of sodium (1-0 g.) in alcohol (20 c.c.) was added, followed by ethyl iodide (7*0 g.). Boiling was continued for 2 hr. when th e solution was neutral. A fter dilution w ith water, the alcohol was removed, th e cooled residue extracted w ith ether and the ether solution washed w ith sodium thiosulphate solution and w ith water. The product, b.p. 167-171°/0-4 mm., crystallized from m ethyl alcohol had m.p. 56° (Found: C, 75-9; H, 7*1. C18H 20O3 requires C, 76-1; H, 7-0 %). in ether was added to a Grignard solution from ethyl bromide (20 g.) and magnesium (4*4 g.) in dry ether. A fter beating for 2 hr. on the steam -bath th e m ixture was decomposed w ith ice and ammonium chloride. The product crystallized from m ethyl alcohol in prisms, m.p. [103] [104] 76*5; H, H , .
2: 2 ' -Dimethoxy-ocfi-diethylstilbene.The above carbinol was dehydrated by means of phosphorus tribromide in chloroform solution in the manner already described for stilboestrol derivatives. Trituration of the product with light petroleum gave some crystals. The mother liquor was evaporated and the residue, b.p. 140-142°/0*35 mm. solidified partly. The combined solid material was crystallized from alcohol and obtained as prisms, H, H, .
2 :2'-Dihydroxy-afi-diethylstilbene.The dim ethyl ether (1*5 g.) was heated in a sealed tube a t 200° w ith potassium hydroxide (4 g.) and alcohol (8 c.c.) for 18 hr. The contents of the tube were diluted, acidified, and extracted w ith ether. From th e dried ethereal solution a gum m y residue was obtained which on tritu ra tio n w ith light petroleum gave a crystalline product (0-45 g.). This was recrystallized from benzene-light petroleum and then m elted a t 152-153° (Found: C, 80*7; H, 7-4. C18H 20O2 requires C, 80*6; H, 7*7 %).
3: 3 ': a : fi-Tetrahydroxy-ctfi-diethyl-afi-di'phenylethane. ra-H ydroxy propiophenone (16 g.) was reduced in m oist ether by m eans of 30 g. of am algam ated alum inium foil. The residue from the filtered, dried and evaporated ethereal solution became semi-solid b u t crystals could n o t be isolated after treatm en t w ith solvents. I t was therefore acetylated by boiling w ith acetic anhydride and a little pyridine. The product slowly crystallized and was freed from oily im purities on porous earth en ware. The colourless crystals (3 g.) were crystallized twice from m ethyl alcohol, m.p. 158-159° (Found: C, 68*0; H , 6*8. C22H 260 6 requires C, 68*4; H , 6*8 %). Hydrolysis of this di-acetate by boiling w ith alcoholic potassium hydroxide gave th e pinacol which separated from dilute alcohol in m inute rectangular prisms, m .p. 145-146° (Found: C, 71-1; H , 7-4. C18H 220 4 requires C, 71-5; H , 7-3 %).
3: 3' -D ihydroxy-y: 8-diphenyl-fid-hexadiene was prepared by boiling th e above pinacol w ith a m ixture of acetic anhydride and acetyl chloride. The resulting diace ta te crystallized from m ethyl alcohol and m elted a t 85°. A fter hydrolysis by boiling w ith alcoholic potassium hydroxide for 1 hr. th e free phenol crystallized from benzene in long, very fine needles, m.p. 166-167° (Found: C, 81-3; H , 6-9. C18H 180 2 requires C, 81-2; H , 6*8 %).
2 :2 ': ctfi-Tetrahydroxy-ccft-diethyl-<xP-diphenylethane. o-H ydroxypropiophenone (50 g.) was reduced by th e action of am algam ated alum inium foil (100 g.) in m oist ether. On completion of th e reaction th e alum inium hydroxide residue was tre a ted w ith hydrochloric acid, th e undissolved portion washed w ith w ater and ex tracted w ith 10 % sodium hydroxide solution. Acidification of this solution gave a solid which proved to be a m ixture of two forms of the pinacol which could be separated by solution of the lower m elting form in alcohol.
The less fusible a-form is very sparingly soluble in solvents w ith th e exception of pyridine, from which it crystallizes in prisms containing 2 mol. of solvent, m.p. 270-271° (Found: C, 71-4; H , 7-2. C18H 220 4 requires C, 71-5; H , 7-3 %).
The lower-melting, /?-form of this pinacol was obtained from th e alcoholic solution by evaporation and was finally purified by crystallization from benzene in prisms, m .p. 162-163° (Found: C, 71-2; H , 7-2 %).
2 :2 ' -Dimethoxy-ccfi-dihydroxy-afi-diethyl-a/?-diphenylethane. Two forms of th is pinacol were obtained by reduction of o-m ethoxypropiophenone in m oist ether w ith alum inium am algam and also by m ethylation of th e above pinacols in alkaline solu tion, w ith dim ethyl sulphate. The a-form , m.p. 168-169°, crystallizes from eth y l acetate or benzene; the J 3 -f orm, which is very soluble in ethyl ac from alcohol or benzene-light petroleum and m elts a t 132-133°.
2 :2 '-Dimethoxy-y: 8-diphenyl-j38-hexadiene. This substance was dehydration of the a-pinacol from o-m ethoxypropiophenone by boiling w ith acetic anhydride (2 parts) and acetyl chloride (1 p art) for 2 hr. A fter tre a tm e n t w ith w a ter the product was dissolved in ether, the solution was washed w ith dilute alkali and w ater and evaporated to a gum the alcoholic solution of which deposited prisms, m.p. 112-113° (Found: C, 81*2; H, 7*2. C20H 22O2 requires C, 81*6; H, 7*5%). D ehydration of the /?-pinacol by the same method gave the same product, though in much smaller yield. No other crystalline product could be isolated.
: 2
'-Dihydroxy-yd-diphenyl-fid-hexadieriewas prepared by dem ethylation of the above dimethyl ether by means of potassium hydroxide (2 parts) and alcohol (4 parts) in a sealed tube a t 200° for 16 hr. The alkaline solution was acidified and extracted w ith ether. The ether extract on evaporation gave a gum which became crystalline on trituration with light petroleum. Recrystallized from benzene-light petroleum, the product had m.p. 136-137° (Found: C, 81*2; H, 6*6. C18H 180 2 requires C, 81*2; H , 6-8%).
4 :4 '-Dimethoxy-<x-chloro-j3-ethyl$tilbene.A m ixture of ethyldesoxyanisoin (25 g. and phosphorus pentachloride (20 g.) was heated in the steam -bath until evolution of hydrogen chloride ceased. F urther addition of phosphorus pentachloride (1 g.) caused some effervescence b u t a second similar quantity had no such effect. After decomposition w ith ice, the green oil was taken up in ether and the solution washed w ith aqueous sodium bicarbonate. The dried, isolated product was a yellow oil, b.p. The action of phosphorus pentachloride on 4 : 4'-dibenzoyloxy-a-ethyldeoxybenzoin afforded a compound C30H 22O4Cl2, m.p. ca. 170° and m.p. 166° (constant) after crystallization from ethyl acetate and from benzene (Found in different specimens: C, 69*2, 68*9, 69*4; H, 4*6, 4*6, 4*5; Cl, 13*4, 13*9, 13*4. C30H 24O4Cl2 requires C, 69*4; H , 4*6; Cl, 13*7 and C30H 22O4Cl2 requires C, 69*6; H , 4*2; Cl, 13*7 %). W hen this substance was heated w ith quinoline it gave a product,-m .p. 182° after crystallization from benzene (Found: Cl, 13*3 %). The m ixture w ith the sub stance, m.p. 166°, had m.p. ca. 170°. I t is probable therefore th a t the chlorination product is P h . CO. 0 . C6H 3C1. C E t: CC1. C6H 4. OCOPh. The nuclear chlorine is m ost probably in the o-position to the benzoyloxy group.
a-Ghloro-deoxyanisoin. Chlorination of anisoin by means of phosphorus penta chloride and working up of the product in the usual way gave only anisil. A m ixture of anisoin (10 g.) and phosphorus trichloride (7 g.) was heated on the steam -bath for | hr. The product could be partly crystallized from fight petroleum, m.p. 86° (Found: C, 66*0; H , 5*2; Cl, 12*3. C16H 150 3C1 requires C, 66*1; H, 5*2; Cl, 12*2%). The con siderable oily portion, insoluble in fight petroleum, contained phosphorus.
W hen the product in an experiment similar to the above was worked up by crystallization from alcohol, anisoin ethyl ether, m.p. 105p, was obtained (Found:
needles. The prisms were hand-picked and crystallized from alcohol, m.p. 125°, alone or mixed with the substance, m.p. 127° described above. The needles were also separated and crystallized from alcohol, m.p. 91° (Found: C, 82*9; H, 5*8; MeO, 10*7 %). I t seems possible th at this isomeride is a-2-methoxyphenyldeoxybenzoin. a-4:-Methoxyphenyldeoxyanisoin. A m ixture of anisoin (20 g.), anisole (33 g.) and sulphuric acid (9 g.) was stirred a t 100° for 24 hr. On cooling the red m ixture a colourless water-soluble solid (sulphonic acid) separated. The organic products were freed from acids and m ost of the excess anisole removed by distillation. A ddition of alcohol gave 29 g. of a crude solid product. The purification of this was a complex process as crystals isolated in several ways showed unusual tendency to retain sol vents (anisole, light petroleum) and sublimation in a high vacuum was also only p artly successful, because the needles obtained were always contam inated w ith oily m aterial. The substance distilled as a thick oil, b.p. 240°/0*l mm. which became a hard glass on cooling (Found: C, 75*9; H, 6*1; MeO, 25*7. C23H 220 4 requires C, 76*2; H, 6*1; 3 MeO, 25*7 %) (yield, 6 g. from m aterial collected after preliminary experi m ents involving loss). The constitution of the substance was confirmed by its con version into tetra-anisylethylene.
Magnesium (1*6 g.) was activated by m ethyl iodide in ether and then used to react w ith p-bromanisole (12 g., prepared from p-anisidine by the Sandmeyer reaction in 71 % yield) in ether (40 c.c.) . A solution of the above anisyldeoxyanisoin (4 g.) in a little ether was introduced and the m ixture kept for 12 hr. The product partly * crystallized from alcohol and then from acetic acid, m.p. 1829 (cf. G atterm ann & Reick 1895; Staudinger, Clar .& Czako 1911) . This substance is doubtless tetraanisylethylene and gave the characteristic deep violet coloration in nitric acid. A further quantity was isolated by adsorption on alumina from benzene solution. D em ethylation of tetra-anisylethylene by means of hydrobromic acid was unsuc cessful b u t by means of the standard process w ith alcoholic potassium hydroxide in a rotating autoclave a t 200°, a phenolic product was obtained. This tetra-4:-hydroxyphenylethylene crystallized from aqueous acetic acid in small yellowish needles which did not m elt b u t charred above 330° (yield, 25 %) (Found in m aterial dried over phosphoric anhydride a t 110° in a high vacuum : C, 78*8; H, 5-2. C26H 20O4 requires C, 78*8; H , 5*0%). Mother liquors gave white needles, m.p. 160-210°, after sublimation. This product was apparently a m ixture of 4 : 4'-dihydroxybenzophenone and 4 : 4'-dihydroxydiphenylmethane.
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